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ABSTRACT

Factors influencing the signal path loss for lunar
surface operations are considered. Current values for lunar
surface properties effecting surface propagation (dielectric
constant and conductivity) are assigned. Results from calcu-
lations of ground wave attenuation, after Vogler, 1964 and
antenna height gain, after Norton, 1941 are given in terms of
range performance of the Extra-Vehicular Communication System

(EVCS), indicating satisfactory operation at 0.5 N.Mile (EVA1 -

EVA2) and 1.0 N.Mile (EVAl - LM).
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I. Introduction

The Apollo Program now includes the possibility of
lunar surface exploration by both astronauts simulftanecusly.
Exploration by one astronaut at a time, the other remaining in
the LM, is of course still possible.

The dual EVA operational requirements for lunar
surface communication are (Reference 1):

0.5 Nautical Mile EVA, - EVA

1
1.0 Nautical Mile EVA - LM

2

Figure 1 illustrates the dual system operation. To implement the
communication requirement, MSC has contracted with RCA, Camden,
New Jersey to deliver dual Extra-Vehicular Communication System
(EVCS) hardware providing three modes of operation: Primary,
Secondary and Dual. These modes and associated 1ink frequencies
are shown in Figure 2 (from Reference 2)EVA~I to EVA2 communication

is established via vertical whip antennas mounted on the astronauts'
back packs. The EVA to LM link 1s between the back pack mounted
antenna of the EVA and a sleeve dipole antenna mounted near the

top of the LM vehicle.

The design specifications for the dual EVCS equipment
(Reference 3) allow RCA to assume in their 1link calculations the
- following "path losses":

EVA, - EVA1 128db

2

EVAl'- LM _ 1194db

Since path loss is a major factor affecting system
performance, this study attempts to determine whether the assumed
path loss figures can be supported.
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II. Path Loss Factors

In order to quantitatively assess path loss, it is neces-
sary to identify those factors which should be included and to
leave out those accounted for elsewhere.

 The factors listed below are. con31dered in this study

in evaluating the "path loss":

Antenna Gains or Losses (Pattern)

Antenna Ground Proximity Loss

Polarization Loss ,

Free Spacé (Inverse Distance Field) T.oss

Ground Wave Attenuation

Atmospheric (Ionospheric) Loss

Multipath Loss

Antenna Height Gain

Obstacle Loss

A. Antenna Gain

The EVCS antennas are vertical whips extending from
the astronaut back packs. The nominal antenna impedance is 50 ohms.
The assumption is made that they are A/4 or less in length, namely
about 10 inches long. The gain of such whip antennas, with proper
counterpoise, 1is approximately 1 relative to isotropic antennas.

The IM antenna is a sleeve dipole antenna located at the
top of the LM vehicle, about 25 feet from the base (See Figure 1).
The gain of this antenna, like the EVCS one, is low.

As a simplification in this analysis, it will be assumed
that both the EVCS and LM antennas are characterized by zero (0)

gain antennas. Measured pattern data could, of course, be used
as a refinement.

B. Antenna Ground Proximity Loss

An antenna power loss arises when the antenna element
is insuffieciently removed from the proximity of the ground. This
loss can be a significant factor for poorly conducting soils and
where ground screens are impractical. Vogler (Reference U) has
evaluated this loss for the lunar surface as a function of antenna
height and frequency. Using Vogler's data and making the assump-
tion that the EVA antenna is always at least 1/2 meter above the
ground, it is found that this factor can be neglected. This is
evident in Figure 3, taken from the Vogler report (See A>5 Curve).
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c. Polarization Loss

A polarization loss accruesif the EVCS antenna axis
Is not oriented in the same plane of polarization as the antenna
with which it is working. A non-level position of LM and/or non-
vertical position of the EVCS antennas will give rise to this
polarization loss. The magnitude of the power loss for dipoles
whose planes of polarization differ by an angle y is given

by the factor 0082Y (Reference 5).

An extreme case would be one in which two antennas

are simultaneously off vertical polarization by 18° each in
cpposite directions. For this case the link loss factor is
0.66 or 1.8 db.

D. Free Space Loss

The free space loss 1s that signal loss associated
with diminishing field strength as an inverse function of the
squared distance from the signal source.

The free space loss is calculated in db using the
equation:

Lfs = 32.5 + 20 log d (km) + 20 log f (MHz)

glot of the free space loss, Lfs versus distance, do’
is given in Figure for a frequency, f, 280 MHz.
E. Ground Wave Attenuation

Ground wave attenuation, A, , is that loss which takes
into account the effects of the terrain between the transmitter
and receiver on the propagation of the surface wave r-f field.
It is generally a strong function of wave polarization and surface
material conductivity and dielectric constant. The zero (0) db
reference for the calculation of ground or surface wave attenuation
1s the free space field intensity.

K. A. Norton in a classic analysis of electromagnetic
wave propagation (Reference 6) has given a method for computing
field strength, including the effects of ground wave attenuation
on the surface wave, using as a model a finitely conducting
spherical earth. Norton indicates that by neglecting the higher
order terms in his equation (48), the attenuation factor for the
surface wave over a plane earth (assumption valid for short
distances) can be expressed simply as:

1

Ay = 3
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where p is the "numerical distance" parameter,
defined by:

| where r2 distance

b" = Tanfl -
b' = Tan_lwsi1
X = 1.8 - 1022 (e.m.u.)
f me
A = wavelength
o(e.m.u.) = ground conductivity expressed in

“electromagnetic units
f mec = frequency in megacycles

e = dielectric constant of the ground referred
to air as unity

Norton's method, it appears, cculd be used to obtain
a valid estimate of A.

A second method of approximating the ground wave
attenuation is by reference to BTL propagation curve data, contained
in Reference 7. This excellent data, while calculated for the
smooth spherical earth of 4/3 true earth radius, is of gquestionable
adequacy in defining lunar surface wave attenuation of interest
here since the calculation did not cover the range of distances
desired, nor did it cover propagation over soill of extremely low
dielectric constant and conductivity. (Lowest values treated were

e = U, ge.m.u. = 10—1u).

The method chosen to find ground wave attenuation, (At),
in this study is that given by Vogler in Reference U4, in a study
specifically directed at lunar surface propagation. The calcula-
tion of A, using the parametric curves and calculations per Vogler
is discussed in more detall in Sectlon IV.
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F. htm0§pheric (Ionospheric) Loss

B. Elsmore, from a study of observations of CRAB NEBULA
during lunar occultation, hypothesized a weak lunar atmosphere

with electron concentrations, n, at the surface of 103 to 10Ll

electron/cm3 (Reference 4).

Attenuation to wave propagation of such a plasma is
a function of the relationship of the signal frequency to the
plasma critical frequency.

The critical frequency, in megacycles per second, is
given by the following:

fer® = 8.1 X 10_5n,

where n is the electron concentration.

Thus, the critical frequency of the plasma is less than 1 mc;
attenuation at the operating frequencies 259.7 mc; 279.0 mc and
296.8 mc, which are well above fcr, can be altogether neglected.

G. Multipath

Multipath effects can, under certain conditions, result
in signal cancellations at the location of the receiver, observable
as nulls in the received signal strength. Evaluation of this
effect requires detailed knowledge of the antenna heights, infor-
mation on the electrical properties of the terrain and specific
characteristics of the geometrical configuration of the tcrrain
lying between the transmitter and receiver.

A fundamental facet of the analysis undertaken here is
the conservative assumption made that precludes the reguirement
to compute multipath; to wit, it is assumed that the direct wave
and ground-reflected wave completely cancel each other out and
that as a result, thg only signal of consequence at the receiver
is the surface wave.

The lunar surface propagation situation supports the
above-mentioned assumption of a reflection coefficient, R,
approaching unity. At maximum range, the grazing angle, ¥, will
be about .3° and .6° for the EVA; - EVA, and EVA; - LM paths

respectively. The cofresponding theoretical reflection coeffici-
ent, R, for vertical polarization, low dielectric constant soil,
and frequency near 300 MHz, is about .98 and .96 (Ref. 5)

Figure 5 illustrates the multipath geometry.

*Interest here centers on the maximum range regions and
the minimum signal problem. At close-in ranges and somewhat
larger grazing angles, multipath effects could possibly give rise
to excess (receiver overloading) signal.



BELLCOMM. INC. -6 -

Grumman Alircraft Engineering Corporation, (GAEC)
in interface control documents (ICD) covering the EVA/LM
communications circuit margins, references 8 and 9, calculated
reflection losses of 27 db and 21 db respectively for the 0.5
nautical mile and 1.0 nautical mile ranges of the 2 links,
corresponding to the ranges and y wvalues glven above. The
extent to which the assumption of complete reflection is
conservative can be seen by comparing these values of attenuation
with the alternative loss parameter, ground wave attenuation,
which as will be seen (Sectlon IV) is approximately 56 db and
61 db respectively.

It is of interest to note that Vogler, (1964),
Reference U, chose not to inelude the effects of rough terrain
or multipath in his rather detailed study of lunar surface radio
communication.

A loss of zero (0) db is therefore assigned to the
-multipath factor.

H. Antenna Height Gain

As the EVCS antennas, or LM antenna, becomes elevated
above ground level, an effective height gain is obtained by
each antenna. The receiving antenna, for example, at an elevated
height will intercept signal energy at a greater field intensity
than at ground level; the increase is a height gain. Because of
the applicable reciprocity, the transmitting antenna will experi-
ence a similar gain at elevated heights.

Curve data from the Bell Telephone Laboratories report
966-6C (Reference 7) permits an estimation of this factor at the
frequency of interest and at the assumed antenna elevations.
Extrapolations of data for vertical polarization and poor soil
conditions yields the following approximate antenna height gains
for elevated antennas (See Figure 6):

EVCS1 - b rt. — 10 db
EV082 - b ¢, - 10 db
- LM - 25 ft. - 24 av

A more detailed and explicit method available for
determining antenna height gain is given by K. A. Norton (Refer-
ence 6). In Norton's method the height gain of each antenna is
~given by the expression:

1/2

f(q) = 1+ q2 - 2q cos (% + %)
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where g and b are determined as a function of
height, fregquency, and surface material dielectric
constant and couductivity, as follows:

. c > . 1/2
= Dx os b
q » | X Cos b

b = Tan”T (%E)
b' = Tan—l (Ei-l\'
x = 1.8 x 1015 o.(e.m.u.)

f me

Using Neorton's method antenna height gains have been
determined as follows:

EVCS1 _— 4 rt. —_— 12 db

EVCS2 —_—— 4 ft. — 12 db

LM -——- 25 ft. - 28 db
T. Obstacle Loss

During exploration of the lunar surface, the path
between EVA's or between EVA and LM may temporarily include a
hill or protuberance of arbitrary height. Published BTL and
Standard Handbook data permits the estimation of the shadow loss
created by such obstacles in the communication path. This loss
(approximation) is plotted in Figure 7 as a function of obstacle
height, based on data in reference 7.

The general lunar exploration activity is expected to
be confined to areas in which visual sight of LM and EVA's to
one another will be probable at all times. Under these conditions
no obstacles of significant height should be assumed. Accordingly
a loss of zero (0) db is assigned to this factor.

ITI. Electrical Properties of the Lunar Surface Material

The determination of path loss 1s dependent on the use
of estimated values for two key electrical characteristics of the
lunar surface, namely dielectric constant and conductivity.
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In 1960 Senior and Seigal, through_the use of radar
data, estimated the relative dielectric constant and condﬁct1v1ty
of lunar surface material to be € = 1.1 and o = 3.4 x 10~
mhos/m. (Reference 4) Other estimates are now available.

T. Hagfors (Reference 10), of MIT woncludes from
an examination of recent radar data at A = 68 cm, that a
dielectric constant of 2.6 would be derived for an assumed
homogeneous surface. This figure is in very close agreement
with the 2.5 value used in 1968 by Beckman, Reference 8, to
explain depolarization of electromagnetic waves back scattered
from the lunar surface.

" Ness, et.al., Reference 9, from results of magnetic
field experiments on lunar Explorer 35 in 1967, concluded that
the effective electrical conductivity had a maximum value

of 10—5 mho/meter.

The two values selected for use in this analysis are

e = 2.6

-5

¢ = 10 © mho/m = 10"16 e.m.u.

For comparison it is of interest to note that the
1965 NASA Headquarters - Advanced Missions Division values
for electromagnetic constants of lunar material are:

e = 2.7

a 10“6 mho/m

and that Grumman in their interface control documents of 1966
used the values

e = 2.5
_ il
g = 10 mho/m
IVv. Ground Wave Attenuation

The method chosen in this study for evaluation of ground
wave attenuation, A, is after Vogler (Reference 4). Vogler's
analysis NBS nomograph 85, "A Study of Lunar Surface Radio Comm-
unication", is chosen because it covers the range of surface
characteristics of interest (dielectric constant and conductivity)
and because the model inlcudes a sphere of lunar radius

(ro = 1738 km).
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|

Vogler's method determines A, as a function of three
parameters, K, b°® and X'®°, with homogeneous (non-layered) scil,
vertical polarization and zero (0) antenna heights assumed at
the outset. These parameters are defined as follows:

A
where
1/2
T = ‘\/(er —1)2 + 82/ 5 5
' (ET’ + S%)
be = 2 tan_1 (EX —'tan"1 (Er—l)
S S
where
S = 1.8 x 10“ o (mhos/M)
f me
]
Xo = do x f me
where ro = lunar radius
e, = surface gielectric constant
¢ = conductivity
de = distance

Through calculation of the above parameters and the
application of data in curve form available in the nomograph,
the ground wave attenuation factor can be found directly. "(See
Figures 8,9 and 10 reproduced from Reference 4)

Calculated values for a range of dielectric constant
values and distances of interest are given in Table I..



V. Total Path Loss

The total path loss for the EVAl - EVA2 and EVAl - LM links

is found by combining the losses and gains assocliated with
the applicable link factors.

The tabulation of path loss for the required opera-
tional ranges of the two links is given in Table II. As seen
the values cited in the MSC specification to RCA, i.e. path losses
of 128 db and 119 db, respectively for the EVA - EVA, and EVA, -

TM 1'17'\1(Q are c“pp’\“tr\ble

For convenience, a plot of total path losc vs distance
is given for the FVA, Tinlr in Fign-e 11, NAs seen, the zero (0)

margin point is reached at a distance of 1.1 n. miles (2.0 Km).

N Al
i

S 4) -.//‘* (/ | (/ ey
2034-TIR-ew I. I. Rosenblum
Attachments

Tables 1&2

Figures 1-11
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GROUND WAVE ATTENUATION

TABLE I

Vertical Polarization

ieiolégge32is§§ights
£ = 300 MHz
DISTANCE e = 1. 1. 1. 2.0 2. 3.0
10 km & 7 81 81 81 81
5 65 68 71 71 71 71
2 2 60 62 62 62 62
1 50 55 56 56 56 56
.5 uy 47 - " - -
-25 38 he Y By by by
- 15 34 38 40 40 1o Lo



TABLE 2

TABULATION OF PATH LOSS VALUES

. Antenna Gain Gt

Antenna Gain Gr

Antenna Ground Proximity Loss
Polarization Loss

Free Spacé Loss

Ground Wave‘Attenuation (e = 2.6)
Plasma Loss

Multipath Loss

Antenna Height Gain (h1 + h2)
Obstacle Loss

TOTAL PATH LOSS

EVCS Spec. Values

(f = 300 MHz)

EVA-EVA
.5 N.Mile

0 db
C

0

-81.5
- 56

+ 24 db

=)

-115.3

~-128

EVA-LM
1.0 N.Mile

0 db
0

0

-87.5
- 62
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SPACE LOSS (db)
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SHADOW LOSS dB
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